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RESUMO 
Os objetivos deste estudo foram: 1) Analisar através de uma revisão sistemática 
(RS), a evidência sobre o impacto da radioterapia de cabeça e pescoço no 
comportamento mecânico de resinas compostas (RC) e resistência de união (RU) 
dos sistemas adesivos (SA). 2) Analisar através de um estudo in vitro, os padrões 
de infiltração resinosa no esmalte de pacientes com câncer de cabeça e pescoço 
submetidos à radioterapia. Na RS, foram realizadas buscas nas bases de dados 
PubMed, Embase, Scopus e ISI com as palavras “radiotherapy”, “composite resin” 
e “adhesive systems”. Foram selecionados estudos sobre desempenho mecânico 
de RC e SA quando o procedimento restaurador foi realizado antes (PR-pré-RDT) 
e/ ou após radioterapia (PR-após-RDT). No estudo in vitro foram utilizados 16 
molares humanos permanentes (8 de pacientes com câncer de cabeça e pescoço 
submetidos à radioterapia e 8 de pacientes não irradiados). Cada dente recebeu 4 
tratamentos diferentes: (T1): ácido clorídrico a 15% (HCl) por 2 minutos, lavagem, 
secagem e aplicação do infiltrante resinoso (IR), deixando agir por 3 minutos 
antes da fotoativação por 50 segundos. (T2): similar ao T1, triplicando o tempo de 
condicionamento ácido e duplicando o tempo de infiltração resinosa. (T3): 
aplicação do ácido fosfórico (H3PO4) ao 37% por 30 segundos, lavagem, 
secagem, aplicação de sistema adesivo universal (SAU) e fotoativação. (T4): 
similar ao T1 mas finalmente aplicação do SAU no lugar do IR. Foram obtidas 
imagens do esmalte cervical, médio e oclusal no Microscópio de Luz Polarizada e 
Microscópio Eletrônico de Varredura para análise qualitativa da interface adesiva. 
Em relação aos resultados, 16 estudos cumpriram os critérios na RS, dos quais 5 
avaliaram o comportamento mecânico de RC e 11 estudos testaram a RU de SA 
com PR-pré-RDT e/ou PR-após-RDT. A maioria dos estudos conduzidos em RC 
não revelaram alterações nas propriedades mecânicas. Em total, 5 dos 6 estudos 
que avaliaram a RU com PR-pré-RDT não mostraram diminuição significativa. 
Entretanto, 5 dos 7 estudos com PR-após-RDT revelaram diminuição significativa 
da RU. Apenas 2 estudos avaliaram a RU de SA após radioterapia in vivo mas 
apresentam resultados controversos. Os resultados do estudo in vitro mostraram 
que no grupo controle, T1 resultou na ausência do IR e T2 levou a 
desmineralização severa e alguns resíduos de IR. Pelo contrário, os grupos 
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tratados com SAU, especialmente T3 revelou uma camada homogênea e 
contínua. No grupo irradiado, IR foi evidente nos grupos T1 e T2 especialmente na 
região cervical mas não foi contínua em todas as regiões do esmalte. Entretanto, 
T3 gerou uma camada contínua e homogênea do SAU mas T4 apresentou um 
padrão mais irregular. Como conclusão, o comportamento mecânico das resinas 
composta e SA parece não ser afetado pela radioterapia no PR-pré-RDT. 
Entretanto, a RU dos SA diminui quando PR-após-RDT é conduzido. A diferença 
das outras estratégias, o uso de H3PO4 e um SAU produzem uma camada 
homogênea e contínua no esmalte de pacientes que receberam ou não 
radioterapia de cabeça e pescoço.  
Palavras-chave: Câncer-Radioterapia. Neoplasias de cabeça e pescoço. Esmalte 
dentário. Resinas Composta. Sistemas Adesivos. 
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ABSTRACT 
The objectives of this study were: 1) To analyze through a systematic review (SR), 
the evidence on the impact of head and neck radiotherapy on the mechanical 
behavior of composite resins (CR) and bond strength (BS) of adhesive systems 
(AS). 2) To analyze through an in vitro study, the resin infiltration patterns in enamel 
from head and neck cancer patients who underwent radiotherapy. In the SR, 
searches were performed in PubMed, Embase, Scopus and ISI databases by 
using “radiotherapy”, “composite resin” and “adhesive systems” as keywords. 
Studies regarding the mechanical behavior of CR and AS were selected when the 
restorative procedure was performed before (RP-b-RDT) and / or after 
radiotherapy (RP-a- RDT). In the in vitro study, 16 permanent human molars were 
used (8 from head and neck cancer patients undergoing radiotherapy and 8 from 
non-irradiated patients). Each tooth received 4 different treatments: (T1): 15% 
hydrochloric acid (HCl) for 2 minutes, washing, drying and application of the resin 
infiltrant (RI), waiting for 3 minutes (infiltration time) before light curing for 50 
seconds. (T2): similar to T1, tripling the acid etching time and doubling the 
infiltration time. (T3): application of phosphoric acid (H3PO4) at 37% for 30 
seconds, washing, drying, application of universal adhesive system (UAS) and 
light curing. (T4): Similar to T1 but finally UAS was applied instead of RI. Cervical, 
middle and occlusal enamel images were obtained from the Polarized Light 
Microscope and Scanning Electron Microscope for qualitative analysis of the 
adhesive interface. Regarding the results, 16 studies met the criteria in the SR, 
from which 5 evaluated the mechanical behavior of CR and 11 studies tested the 
BS of AS by using RP-b-RDT and/or RP-a-RDT. Most studies conducted in CR 
revealed no changes in mechanical properties following radiotherapy. In total, 5 
of the 6 studies that evaluated the BS of AS in RP-b-RDT showed no significant 
decrease. However, 5 of the 7 studies using RP-a-RDT revealed significant 
decrease in the BS. Only 2 studies evaluated the BS of AS after in vivo 
radiotherapy but they showed controversial results. The results from our in vitro 
study showed that T1 resulted RI absence and T2 led to severe demineralization 
and some RI residues in the control group. In contrast, groups treated with UAS, 
especially T3 revealed a homogeneous and continuous layer. In the irradiated 
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group, RI was evident in T1 and T2 groups especially in the cervical region but the 
layer was not continuous in all enamel regions. However, T3 generated a 
continuous and homogeneous layer of UAS but T4 formed a more irregular 
pattern. In conclusion, the mechanical behavior of CR and the BS of AS do not 
seem to be affected by radiotherapy when RP-b-RDT was conducted. However, 
the BS of AS decreases in RP-a-RDT. Unlike other strategies, the use of H3PO4 
associated to UAS produced a homogeneous layer and remained on enamel 
surface from irradiated and non- irradiated patients. 
Key Words: Cancer-Radiotherapy. Head and neck neoplasms. Dental Enamel. 
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1. INTRODUÇÃO 
A maioria dos pacientes diagnosticados com câncer na região de cabeça e 
pescoço são tratados por meio da radioterapia, a qual consiste na aplicação 
fracionada de doses de radiação ionizante, geralmente entre 1.8 a 2.0 Grays 
(Gy) por dia durante várias semanas até completar uma dose total que 
geralmente é superior a 50 Gy, mas depende do tipo, estágio histopatológico e 
localização do tumor (Mazzola et al., 2018). Avanços tecnológicos no campo de 
radiologia oncológica como o desenvolvimento da radioterapia tridimensional 
conformacional (radioterapia 3D) e a radioterapia de intensidade modulada 
(IMRT) facilitaram a colimação do eixo de radiação na tentativa de aumentar a 
precisão terapêutica na região anatômica do tumor, mas ainda não conseguem 
eliminar as toxicidades orais nos tecidos e estruturas anatômicas hígidas 
circundantes (Gutiontov et al., 2016; Fregnani et al., 2016), levando ao risco 
aumentado de osteoradionecrose dos maxilares, hipossalivação, disgeusia, 
trismo, mucosite e cárie de radiação (Germano et al., 2015; De Moore et al., 
2019).  
Esta última toxicidade é relevante em odontologia preventiva e 
restauradora mas não segue os mesmos estágios clínicos da cárie 
convencional, considerando os códigos propostos na classificação do 
International Caries Detection and Assessment System (ICDAS), evoluem desde 
manchas brancas no esmalte associada à desmineralização (ICDAS código I e 
II) até cavidades grandes que comprometem esmalte, dentina e podem atingir a 
polpa (ICDAS código VI) (Gugnani et al., 2011). Pelo contrário, a cárie de 
radiação se observa inicialmente como uma mancha de cor escura (marrom-
preto) na sub- superfície do esmalte mesmo quando parece hígido, afetando 
principalmente a região cervical, bordas incisais e cúspides (Walker et al., 2008). 
Portanto, as alternativas preventivas e tratamento dentário restaurador 
representam um grande desafio clínico pela rápida evolução da cárie de 
radiação, alto risco de cárie secundária (Silva et al., 2010), dificuldade de 
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diagnóstico precoce (Palmier et al., 2017) e a presença de um ambiente oral 
extremamente hostil durante e após a radioterapia de cabeça e pescoço. 
Dentro das alternativas restauradoras, o uso dos cimentos de ionômero de 
vidro convencionais e modificados por resina, têm sido amplamente utilizados 
em pacientes com câncer de cabeça e pescoço submetidos à radioterapia (Hu 
et al.,2002) devido ao potencial anticariogênico e liberação de fluoretos destes 
cimentos mas existe uma rápida degradação do material e falha precoce das 
restaurações associada à hipossalivação pós-radioterapia (McComb et al., 
2002; De Moor et al., 2011). Embora seja reportado um aumento de cárie 
subjacente às restaurações de resina composta em pacientes com câncer de 
cabeça e pescoço submetidos à radioterapia (Silva et al., 2010), esses materiais 
restauradores continuam sendo utilizados pelas suas propriedades ópticas e 
mecânicas similares à estrutura dental. No entanto, existem falta de consenso 
cientifico entre alguns autores sobre os efeitos diretos das altas doses de 
radiação ionizante nas propriedades mecânicas das resinas compostas (Catelan 
et al., 2008; Dibo da Cruz et al., 2008). Além disso, não existem revisões 
sistemáticas sobre o impacto da radioterapia na resistência de união aos tecidos 
dentários, seleção de sistemas adesivos adequados e momento ideal para 
realizar procedimentos dentais restauradores em pacientes submetidos à 
radioterapia. 
Por outro lado, no contexto da prevenção da cárie de radiação, o principal 
desafio de clínicos e pesquisadores é procurar novas estratégias que protejam 
os tecidos dentários duros, na tentativa de diminuir o risco ou severidade das 
lesões, aplicando as estratégias antes ou imediatamente após radioterapia, 
quando ainda os dentes não apresentam alterações físicas clinicamente visíveis 
(Hegde et al., 2019; Wu et al., 2019). Recentemente, alguns estudos têm 
sugerido a proteção do esmalte dental exposto à radioterapia, com compostos 
orgânicos naturais (Hegde et al., 2019), agentes remineralizantes ou materiais 
poliméricos (Wu et al., 2019), mas estes estudos foram realizados com dentes 
hígidos extraídos e que receberam altas dose de radiação ionizante em 
condições in vitro, o qual pode superestimar o efeito deletério da radioterapia 
nas estruturas dentárias e impacto das estratégias preventivas propostas. 
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Portanto, se faz necessário de estudos laboratoriais conduzidos em condições 
mais realistas, utilizando novas estratégias preventivas em dentes extraídos de 
pacientes com câncer de cabeça e pescoço submetidos à radioterapia para que 
os resultados sejam úteis na extrapolação ou desenvolvimento de futuros 
estudos clínicos. Os objetivos do presente estudo foram: 1) Analisar através de 
uma revisão sistemática, a evidência científica sobre o impacto da radioterapia 
de cabeça e pescoço no desempenho mecânico de resinas compostas e 
resistência de união dos sistemas adesivos. 2) Analisar através de um estudo in 
vitro, os padrões de infiltração resinosa no esmalte de pacientes com câncer de 
cabeça e pescoço submetidos à radioterapia. 
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Abstract 
Objectives. To analyze the evidence regarding the impact of head and neck 
radiotherapy(HNRT) on the mechanical behavior of composite resins and adhesive 
systems. Methods. Searches were conducted on PubMed, Embase, Scopus and 
ISI Web of Science databases using “Radiotherapy”, “Composite resins” and 
“Adhesive systems” as keywords. Selected studies were written in English and 
assessed the mechanical behavior of composite resins and/or adhesive systems 
when bonding  procedure was conducted before and/or after a maximum radiation 
dose ≥50 Gy, applied under in vitro or in vivo conditions. Results. In total, 115 
studies were found but only 16 were included, from which five evaluated the effect 
of in vitro HNRT on microhardness, wear resistance, diametral tensile and flexural 
strength of composite resins, showing no significant negative effect in most of 
reports. Regarding bond strength of adhesive systems, 11 studies were included 
from which five reported no meaningful negative effect when bonding procedure 
was conducted before simulated HNRT. Conversely, five studies showed that bond 
strength diminished when adhesive procedure was done after in vitro radiation 
therapy. Only two studies about dental adhesion were conducted after in vivo 
radiotherapy but the results were not conclusive. Significance. The mechanical 
behavior of composite resins and adhesive systems seems not to be affected 
when in vitro HNRT is applied after bonding procedure. However, bond strength of 
adhesive systems tends to decrease when simulated radiotherapy is used 
immediately before bonding procedure. Studies assessing dentin bond strength 
after in-vivo HNRT were limited and controversial. 
Keywords: Radiotherapy; Composite resins; Adhesive systems; Head and neck 
neoplasms; Review. 
1. Introduction 
Head and neck radiotherapy (HNRT) produces a series of toxicities on non- 
targeted healthy tissues surrounding the tumor, leading to hyposalivation, 
mucositis, trismus, osteoradionecrosis and radiation-related caries [1–3]. The latter 
is marked by a rapid onset and a high potential for generalized dental destruction, 
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affecting approximately 25% of the patients who concluded this treatment, which 
compromises the overall oral function and the quality of life of cancer survivors [4]. 
As a consequence, there’s a strong recommendation for head and neck cancer 
patients to have their oral health monitored before, during and after radiotherapy. 
In this context, contemporary protocols for oral conditioning in these 
patients include multiple dental restorations before and after HNRT [4–6]. In both 
situations, the choice of restorative materials is currently based on personal clinical 
experience rather than scientific evidence [7,8].  
Due to the fact that dental restorations are in the same primary radiation 
field of the tumor, they would be also susceptible to the direct effects of HNRT. In 
fact, some in vitro studies have demonstrated a negative interaction between 
ionizing radiation doses and metallic dental materials, by increasing the original 
radiation dose due to their high density, atomic number and conductivity [9,10]. In 
addition, it has been observed that mechanical properties and clinical survival of 
restorative dental materials such as conventional glass ionomer and resin-modified 
glass ionomer cements are severely affected in an indirect way by hiposalivation 
related to radiogenic damage of salivary glands [11,12].  
On this regard, non-metallic and insoluble dental materials are desirable to 
restore teeth from head and neck cancer patients before and after radiotherapy. 
Composite resins meet all these features, in addition they have excellent optical 
properties, elastic modulus similar to enamel and dentin which allows a more 
homogeneous masticatory load distribution. Also, these dental materials show 
higher biocompatibility compared to metallic restorations, as well as acceptable 
clinical performance [13]. Composite resins are used together with etch-and-rinse 
or self- etch adhesive systems, which permits a micromechanical, chemical or both 
approaches, promoting interaction with hard dental tissues [14]. These issues are 
relevant during restorative dental treatment in head and neck cancer patients who 
underwent or will undergo radiation therapy. In both cases, healthy dental tissue 
need to be preserved as maximum as possible and adequate bond strength is 
desirable, avoiding restoration replacement after cancer treatment has begun. 
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However, as previously demonstrated in other studies, even using the most 
conservative HNRT techniques, tumor surrounding maxillofacial tissues and some 
restorative dental materials are directly or indirectly affected [10,11,15]. 
On this sense, it is possible to suggest that surface and bulk 
micromechanical properties of composite resins as well as bond strength of 
adhesive systems could be affected by HNRT as it occurs in enamel and dentin, 
especially when high doses of ionizing radiation are applied [16]. This 
phenomenon could impair tooth-restoration interaction, increasing the 
susceptibility to early restoration failure and radiation- related caries progression 
[17]. Unfortunately, until now no consensus exists regarding the direct and indirect 
effects of HNRT on he mechanical performance of composite resins and adhesive 
systems. In addition, it is not possible to determine if dental restorative procedures 
should preferably be performed before or after this cancer treatment. Also, nothing 
has been discussed about the most suitable composite resins or bonding agents to 
be used in head and neck cancer patients. Therefore, the present systematic 
review was designed to analyze scientific evidence regarding the impact of in vitro 
and in vivo HNRT on the mechanical behavior of composite resins and adhesive 
systems to ultimately contribute for the development of specific protocols using 
adhesive dental materials for head and neck cancer patients, before and after 
radiotherapy. 
2. Material and methods 
The present systematic review was conducted following the Guidelines of 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
[18] and no registration protocol was adopted. The research question was: Do in 




2.1.1. Inclusion criteria 
Studies published in English language that assessed the effects of HNRT 
on the mechanical properties of composite resins and/or bond strength of adhesive 
systems on dentin and/or enamel, independently if bonding procedure was done 
before and/or after radiotherapy (in vitro or in vivo conditions). 
2.1.2. Exclusion criteria 
Studies using a maximum radiation dose below 50 Grays(Gy) or evaluating 
the effects of radiotherapy on the mechanical behavior of experimental 
composite resins/adhesive systems or different dental materials. In addition, 
studies that omitted relevant methodological information such as total radiation 
dose and radiotherapy modality (fractioned or non-fractioned protocol), were 
excluded, as well as other types of papers (letters from editors, congress 
abstracts, literature reviews, clinical studies and different topics). 
2.2. Search strategy 
Electronic and systematic searches of scientific studies that evaluated the 
effects of HNRT on the mechanical behavior of composite resins and adhesive 
systems bonding to tooth, were conducted without restriction in publication year 
(Las t s e a r c h Februa ry, 2 0 t h 2 0 1 7 ) . M e d l i n e / P u b M e d ( h t t p s : / /
www.ncbi.nlm.nih.gov/ pubmed), EMBASE ( https:// www. embase. com/ 
login), Scopus ( https:// www.scopus.com) and ISI Web of Science (https://
apps.webofknowledge.com/) were screened. The following keywords were used: 
“Radiotherapy”, “Composite resins” and “Adhesive systems”, linked in independent 
strategies by the boolean operator “AND”. The process was repeated in each 
database to ensure that any relevant result was missed during the identification 
phase. Additional searches were conducted by reading reference lists from all 
selected studies to detect other potentially eligible reports that could meet the 
inclusion criteria. In addition, key authors/co-authors were identified among the 
included studies (considering the frequency of published papers regarding the 
impact of HNRT on the mechanical behavior of composite resins or adhesive 
systems). Therefore, extra database searches filtered by author/co-author name 
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were also conducted. 
2.3. Study selection 
All titles were systematically organized in Microsoft Office Excel 2016 
(Microsoft Corporation, Redmond, Washington, USA). They were verified and 
counted to exclude duplicated terms. Later, titles and abstracts were screened and 
read completely for possible inclusion on the qualitative synthesis of this review. 
Then, studies were classified into the following categories: duplicated, other 
language, maximum radiation dose (<50 Gy), experimental dental materials/
other dental materials, other and included studies. In the end, reports assessed for 
eligibility were downloaded from database in full text version and they were read in 
detail in PDF formatted files. Studies that omitted relevant methodological 
information were also excluded from the current review. 
2.4. Data extraction 
Methodological information extracted from selected studies was related to 
author, commercial reference (composite resin or adhesive system), classification, 
radiation dose (in Gy), radiotherapy modality (fractioned or non-fractioned 
protocol), radiation device/type of ionizing radiation, mechanical test and type of 
property. In addition, information regarding adhesive procedure sequence (before 
or after HNRT) and dental substrate (enamel, dentin or both) were also extracted 
from included studies that assessed the impact of radiotherapy on bond strength of 
adhesive systems. Means and standard deviations of each mechanical property 
tested in composite resins and bond strength values of adhesive systems in 
Megapascals (MPa) were extracted and tabulated (considering maximum radiation 
dose). 
2.5. Risk of bias assessment 
To assess the risk of bias in studies regarding mechanical properties of 
irradiated composite resins, an adaptation of an instrument presented in a 
systematic review was used [19]. Eight methodological aspects were verified: 
randomization, sample size calculation, comparable groups, detailed information 
regarding mechanical test, manufacturer’s instructions, single operator, data 
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regarding exposure protocol and operator blinded. For studies that evaluated bond 
strength of adhesive systems, the same instrument previously applied in a 
systematic review of in vitro studies was employed [19]. Aspects such as 
randomization, sample size calculation, teeth free of caries, specimens with similar 
dimensions, failure mode evaluation, manufacturer’s instructions, single operator 
and operator blinded were checked. If each item was pointed out in the selected 
article, it was judged as “Yes” but if not mentioned as “No”. Finally, the risk of bias 
was classified in high, medium or low, according to the sum of “yes” as follows: 
From 1 to 3 (high risk), 4 to 5 (medium risk) and 6 to 8 (low risk). 
2.6. Data analysis 
There was homogeneity in the research purpose among the studies but a 
great variability in tested materials, mechanical tests, measurement units, 
radiotherapy devices and treatment modalities was detected. This made 
inappropriate to conduct a meta-analysis but a detailed qualitative synthesis of the 
results was performed. Data related to means and standard deviations from 
mechanical properties of composite resins and bond strength of adhesive systems 
were described. Also, mean difference (between irradiated and control group) and 
decrease/increase in percentage were calculated in individual studies. Finally, 
summary results regarding the total number of studies reporting HNRT effects 
were presented in a figure. 
3. Results 
  3.1. Search and study selection 
Flow diagram that summarizes the selection process of studies is shown in 
Fig. 1. In total, 115 studies were identified through search strategies on four 
databases. After the first review process, 52 studies were eliminated due to 
duplication. Later, 52 studies were excluded because they did not meet the 
inclusion criteria, remaining 11 studies. In addition, by reading reference list from 
selected studies, four new results were found and considered in the present 
systematic review. Three key authors/co-authors (Correr-Sobrinho L, Soares CJ 
and Dibo da Cruz A) were identified and complementary database searches 
resulted in one additional study. In the end, 16 studies meeting all the inclusion 
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criteria were included from which five evaluated the effect of radiotherapy on 
surface and bulk micromechanical properties of composite resins [20–24] and 11 
studies on bond strength of adhesive systems [8,25–34]. 
"
Fig. 1 – Flow diagram that summarizes selection process (PRISMA format). 
3.2. Study characteristics 
3.2.1. Mechanical properties of composite resins 
 Table 1 shows main methodological aspects from included studies about the 
impact of HNRT on the mechanical properties of composite resins. All investigations 
about this issue were conducted under in-vitro radiotherapy [20–24]. Evaluated 
composite resins were macrofilled (Concise, 3M Company), microfilled (Silux plus, 
3M Company), hybrid (P-50, 3M Company; Te Econom Plus, Ivoclar Vivadent) and 
microhybrid (Filtek Z250, 3M ESPE and Empress Direct, Ivoclar Vivadent). Maximum 
ionizing radiation dose applied to composite resin samples ranged from 60 to 80 Gy. 
Non-fractioned radiotherapy protocols (total dose applied in a single session) were 
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used on four included studies [20–23]. Conversely, a fractioned protocol (2 Gy daily 
applied for 35 days to complete a total radiation dose of 70 Gy) was reported in one 
study [24]. Radiotherapy devices that emitted gamma radiation were used in three 
selected studies to expose composite resin samples [20–22]. Mechanical tests were 
Vickers hardness, Knoop hardness, abrasion, diametral tensile strength and flexural 
strength. 
Table 1 – Main methodological aspects from included studies about the impact of HNRT on 
the mechanical properties of composite resins.
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NFRT: non-fractioned radiotherapy; FRT: fractioned radiotherapy; NR: non-reported. 
Mechanical tests: VH: Vickers hardness; DTS: diametral tensile strength; A: abrasion; FS: flexural strength; KH: Knoop 
hardness Type of property: (S): surface property; (B): bulk property.
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3.2.2. Bond strength of adhesive systems 
 Main methodological aspects from selected studies that assessed the impact 
of HNRT on the bond strength of adhesive systems are presented in Table 2. Eleven 
studies were found, from which two were conducted under in vivo radiotherapy [8,34] 
and nine studies used in vitro modality [25–33]. The etch-and-rinse (Adper Single 
Bond 2, 3M ESPE) and the self-etch adhesive system (Clearfil SE Bond, Kuraray) 
were the most tested materials. Regarding maximum radiation  dose  applied  to 
teeth,  it  varied from 60 to 70 Gy within studies that employed in vitro HNRT, 
generally applied by fractioned protocols (2 Gy daily, until achieving the total radiation 
dose). Conversely, in both studies conducted after in vivo radiotherapy, patients from 
whom teeth were extracted received more than 50 Gy in the cervicofacial region. 
With respect to dental tissues, bond strength of adhesive systems on enamel and 
dentin was evaluated in three and ten studies, respectively. 
Table 2 – Main methodological aspects extracted from included studies concerning the 
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3.3. Risk of bias 
 Four studies about the mechanical properties of composite resins exposed to 
radiotherapy were regarded as having medium risk of bias [20–23] and one study 
was classified as high risk [24]. Items such as randomization, sample size 
calculation, single operator and operator blinded were mainly judged as “No”. On the 
contrary, comparable groups, detailed information about mechanical test, 
manufacturer’s instructions, data regarding exposure protocol were reported among 
the studies. 
 From 11 included studies that evaluated the impact of HNRT on the bond 
strength of adhesive systems, two scored high risk of bias, eight studies had medium 
risk and one showed low risk (Table 3). Sample size calculation, single operator and 
blinded operator were frequently judged as “No” due to specific information was not 
reported in the methodology. Conversely, randomization, teeth free of caries, sample 
with similar dimensions, failure mode evaluation and manufacturer’s instructions 
were mainly judged as “Yes”. 
Galetti et 
al.b [8]
Single Bond 2 
(3M ESPE, St. 
Paul, USA) 
Easy Bond (3M 
ESPE, St. Paul, 
USA) 
































FRT NR After µTBS Dentin
HNCP: head and neck cancer patients; FRT: fractioned radiotherapy; NFRT: non-fractioned radiotherapy; NR: non-reported; 
TBS: tensile bond strength; SBS: shear bond strength; PO: push-out; µTBS: microtensile bond strength; µSBS: microshear 
bond strength. 
a Studies conducted under simulated radiotherapy (in vitro radiotherapy). 
b Studies that assessed bond strength of adhesives systems in teeth from head and neck cancer patients who underwent 
radiotherapy (in vivo HNRT).
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3.4. Synthesis of results 
 Table 4 presents means, standard deviations and mean difference of each 
mechanical property assessed in composite resins in individual studies, comparing 
irradiated and control groups. One study reported a significant post-radiation 
reduction in KHN, but only for Filtek Z250 composite resin (3M ESPE) (p < 0.05), 
representing 14.87% of the control group [23]. Conversely, other investigation 
indicated statistically significant increase in VHN of Te-Econom Plus (Ivoclar 
Vivadent) and Empress Direct (Ivoclar Vivadent) composite resins after in vitro HNRT 
(p < 0.001) [24]. 






























et al. [25] Yes No Yes Yes No Yes No No Medium
Bulucu et 
al. [26] Yes No Yes Yes No Yes No No Medium
Aggarwal 
[27] No No Yes Yes No Yes No No High
Biscaro et 
al. [28] Yes No Yes No Yes Yes No No Medium
Dibo da 
Cruz et al. 
[29]
Yes No Yes Yes Yes Yes No No Low
Naves et 





No No Yes Yes No Yes No No High
Santin et 
al. [32] Yes No Yes Yes Yes Yes No No Medium
da Cunha 
et al. [33] Yes No Yes Yes Yes Yes No No Medium
Galetti et 
al. [8] Yes No No Yes Yes Yes No No Medium
Bernard 
et al. [34] Yes No No Yes Yes Yes No No Medium
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 Data related to enamel and dentin bond strength of adhesive systems are 
shown in Table 5. Two included studies reported statistically significant reduction in 
enamel bond strength of Adper Single Bond 2 (3M ESPE) and Transbond XT Primer 
(3M Unitek) (p ≤ 0.05). This effect was only observed when bonding procedure was 
carried out after simulated HNRT, decreasing between 20.2% to 30.2% compared to 
control groups [30,32]. 
 In relation to dentin bond strength of adhesive systems when restorative 
procedure was conducted prior to radiotherapy, only one study reported significant 
Table 4 – Means, standard deviations and mean difference of mechanical properties of 
composite resins.
Author Composite resins Mean difference (% decrease/increase)
Hardness Control group/mean (SD)
Irradiated group/mean 
(SD)
von Fraunhofer et al. 
[20]
Concise 67.17 (0.94) 66.03 (1.36) −1.14 (1.69)
P-50 111.79 (6.09) 130.29 (4.76) 18.50 (16.54)
Silux plus 28.69 (0.67) 34.65 (2.08) 5.96 (20.77)
Valux 61.10 (2.35) 87.54 (3.06) 26.44 (43.27)
Dibo da Cruz et al. [23]
Filtek Z250 74.80 (7.86) 63.67 (1.55)* −11.13 (14.87)
Fill Magic Flow 15.87 (0.36) 18.17 (0.84)* 2.3 (14.49)
Hegde et al. [24]
Te-Econom Plus 40.36 (0.42) 52.70 (0.25)* 12.34 (30.57)
Empress Direct 44.66 (0.42) 67.58 (0.33)* 22.92 (51.32)
Abrasion Control group/mean in mm (SD)
Irradiated group/mean 
in mm (SD)
Curtis et al. [21]
Concise 0.287 (0.045) 0.280 (0.027) −0.01 (2.43)
P-50 0.542 (0.047) 0.549 (0.041) 0.01 (1.29)
Silux plus 0.333 (0.026) 0.345 (0.024) 0.01 (3.60)








von Fraunhofer et al. 
[20]
Concise 44.67 (6.66) 40.58 (2.71) −4.09 (9.15)
P-50 70.55 (5.63) 68.81 (5.07) −1.74 (2.46)
Silux plus 36.16 (3.64) 48.42 (6.51) 12.26 (33.90)
Valux 62.57 (14.39) 65.0 (9.70) 2.43 (3.88)
Flexural strength Control group/mean in MPa (SD)
Irradiated group/mean 
in MPa (SD)
Catelan et al. [22] Filtek Z250 120.25 (21.58) 132.66 (22.04) 12.41 (10.32)
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reduction in µSBS values of Single Bond 2 (3M ESPE) and Clearfil SE Bond 
(Kuraray) adhesive systems (p < 0.0001) after exposure to >50 Gy. For this specific 
case, bond strength decrease was 48.40% and 41.80% for each adhesive system, 
respectively [28]. Conversely, when bonding procedure was conducted after in vitro 
HNRT, three studies revealed statistically lower values compared to control groups (p 
≤ 0.05) [27,30,31]. In these investigations, dentin bond strength of etch-and-rinse 
adhesives systems diminished between 22.6% to 52.0% [27,30,31]. In addition, other 
study showed that dentin SBS values significantly decreased in samples restored 
after simulated HNRT compared to those restored before, exclusively in Prime & 
Bond NT (Dentsply) subgroup [26]. 
 Regarding bond strength of adhesive systems on dentin from head and neck 
cancer patients who underwent radiotherapy, only one study reported statistically 
lower µTBS values for Optibond FL adhesive system (Kerr) (p < 0.0125) compared to 
control group and bond strength reduction was 31.09% [34]. 
Table 5 – Means, standard deviations and mean difference of bond strength of adhesive 
systems.







Enamel bond strength in MPa/mean (SD)
Naves et al. [30] (O) Adper Single Bond 2
µTBS 39.10 (3.0) RB-RDT: 35.90 (2.40) −3.20 (8.18)
RA-RDT: 31.20 (3.90)* −7.90 (20.20)
Santin et al. [32] (Ø) Transbond XT primer µSBS 14.90 (4.10) 10.40 (4.20)* −4.50 (30.20)
da Cunha et al. [33] 
(Ø) 
Adper Single Bond 2
µSBS
25.62 (6.07) 21.05 (4.33) −4.57(17.83)
Universal Single Bond 20.31 (2.80) 23.13 (3.90) 2.82 (13.88)
Dentin bond strength in MPa/mean (SD)
Biscaro et al. [28] (Z) 
Single Bond 2
µSBS
15.70 (1.90) 8.10 (2.90)* −7.60 (48.40)
Clearfil SE Bond 12.20 (2.20) 7.10 (2.10)* −5.10 (41.80)
Adper Prompt 6.70 (2.10) 4.50 (0.60) −2.20 (32.83)
Dibo da Cruz et al. 
[29] (Z) 
Adper Single Bond Plus
µSBS
3.85 (1.25) 4.25 (0.50) 0.40 (10.38)
Clearfil SE Bond 3.30 (1.25) 2.65 (1.10) −0.65 (19.69)
Adper Prompt Self-Etch 1.30 (0.40) 0.80 (0.30) −0.50 (38.46)
Aggarwal [27] (O) All bond 2 system PO
8.36 (0.08 RB-RDT: 7.80 (0.61) −0.56 (6.69)
RA-RDT: 4.01 (0.65)* −4.35 (52.03)
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 Fig. 2 shows summary results regarding the impact of in vitro/in vivo HNRT on 
the mechanical properties of composite resins and bond strength of adhesive 
systems, considering the number of selected studies that reported the following 
situations: (1) no-effect; (2) negative effect (3) positive effect. It is important to 
emphasize that there were studies assessing the performance of adhesive systems 
when bonding procedure was conducted before, and/or after radiotherapy. 
Naves et al. [30] (O) Adper Single Bond 2 µTBS
29.10 (3.40) RB-RDT: 27.30 (3.80) −1.80 (6.18)
RA-RDT 20.0 (2.40)* −9.10 (31.27)
Yadav and Yadav 
[31] (O) Adper Single Bond µTBS
22.89 (1.73) RB-RDT: 21.66 (1.24) −1.23 (5.37)
RA-RDT: 17.72 (0.83)* −5.17 (22.58)
Bulucu et al. [26] (O) Prime & Bond NT SBS 16.10 (5.30) RB-RDT: 20.40 (2.60)† 4.30 (26.70)
RA-RDT: 11.80 (3.40)† −4.30 (26.70)
Clearfil SE Bond 17.70 (5.70) RB-RDT: 15.40 (5.20) −2.30 (12.99)
RA-RDT: 17.50 (5.30) −0.20 (1.12)
da Cunha et al. [33] 
(Ø) 
Adper Single Bond 2
µSBS
12.43 (4.22) 16.37 (4.30) 3.94 (31.69)
Universal Single Bond 26.35 (6.30) 26.21 (5.12) −0.14 (0.53)




6.94 (2.27) 7.11 (3.67) 0.17 (2.44)
Solobond Plus 3.74 (1.56) 2.65 (2.27) −1.09 (29.14)
Prime & Bond 2.1 4.59 (3.03) 5.35 (3.13) 0.76 (16.55)
Syntac 5.27 (2.34) 5.08 (3.69) −0.19 (3.60)
Galetti et al. [8] (Ø) 
Single Bond 2
µTBS
39.12 (9.51) 46.66 (10.12) 7.54 (19.27)
Easy Bond 42.40 (6.66) 41.78 (12.71) −0.62 (1.46)
Clearfil SE Bond 36.58 (7.06) 46.01 (6.98) 9.43 (25.77)




16.40 (6.20) 11.30 (2.80)* −5.1 (31.09)
Optibond XTR 14.50 (4.80) 12.20 (5.30) −2.3 (15.86)
Z: Bonding procedure conducted exclusively before radiotherapy; O: bonding procedure done before and after radiotherapy; 
Ø: bonding procedure performed only after radiotherapy; RB-RDT: restored before radiotherapy; RA-RDT: restored after 
radiotherapy. 
∗ Statistically significant differences between control and irradiated group (comparisons are valid only within the same 
material) (p ≤ 0.05). 
† Statistically significant differences between RB-RDT and RA-RDT (comparison are valid only within the same material) (p ≤ 
0.05).
 34
Fig 2 – Summary results regarding the impact of in vitro/in vivo HNRT on the mechanical 
properties of composite resins and bond strength of adhesive systems. 
4. Discussion 
4.1. Mechanical properties of composite resins 
 The negative impact of HNRT is more considerable when high doses of 
ionizing radiation are applied [35]. Theoretically, this fact could affect composite resin 
microstructure and consequently its mechanical properties. Nevertheless, results 
from the present systematic review revealed that most of tested materials did not 
suffer a significant negative impact on their surface (wear resistance and 
microhardness) neither in bulk properties (diametral tensile strength and flexural 
strength) [20–22,24]. It is important to highlight that maximum radiation doses were 
applied by non-fractioned protocols [20–23]. This represents a greater amount of 
ionizing radiation and a less realistic simulation, compared to the treatment of head 
and neck tumors [36]. To  explain the absence of harmful effects,  it was suggested 
that composite resin microstructure (organic matrix, inorganic filler and silane) is 
highly resistant to the destructive effect of radiotherapy although no chemical 
analysis was conducted to confirm that hypothesis [20–22,24]. 
 Conversely, a recent study not included in this systematic review used FTIR 
(Fourier transform infrared spectroscopy) to assess the chemical changes on an 
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experimental composite resin, previously exposed to very low doses of ionizing 
radiation. It was observed that a post-cure reaction was produced in the material. In 
addition, a positive correlation between radiation dose, flexural strength and flexural 
modulus was detected [37]. Also, a purely chemical study conducted by Cruz et al. 
confirmed that random changes occurred on aromatic and aliphatic bonds from 
organic matrix in irradiated composite resins [38]. Probably, energy released during 
radiotherapy can break some chemical links from polymerized materials as 
previously suggested on an included study [23]. At the same time, this 
electromagnetic radiation could eventually enable a post-cure reaction on 
methacrylate monomers, increasing the degree of conversion and improving the 
mechanical properties of composite resins [24,37]. Therefore, we could only suggest 
that in vitro radiotherapy (applying very low or therapeutic doses) could produce 
minimal chemical changes on composite resin microstructure, specially on its organic 
matrix but they seem to be no relevant to negatively affect surface and bulk 
micromechanical properties. Nevertheless, future studies evaluating other materials 
and using more realistic radiotherapy protocols are required. 
4.2. Bond strength of adhesive systems 
 Overall, the results from the current systematic review showed that SBS, PO 
and TBS values of adhesive systems were not impaired when bonding procedure 
was  conducted  before  in vitro HNRT. These findings suggest that this cancer 
treatment does not affect the mechanical behavior of pre-existing hybrid layer 
[26,27,29,30,31]. This also reinforces previous hypothesis that simulated 
radiotherapy does not produce deleterious effects on the microstructure of resin-
based dental materials [20–22,24]. It is important to consider that most included 
studies about this issue applied fractioned X-ray protocols to irradiate teeth. This 
methodological strategy permits a more realistic comparison between in vitro 
performance of adhesive systems and their eventual in vivo behavior (compared to 
most studies that assessed the mechanical properties of irradiated composite resins) 
[20–23]. 
 Besides direct impact of radiation therapy on bond strength of adhesive 
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systems, possible deleterious effects on hard dental tissues are also relevant 
because this could affect their adhesive properties and bond longevity. For that 
reason, studies evaluating bond strength of adhesives systems applied after HNRT 
were also considered. On this regard, only two selected investigations showed that 
this cancer treatment negatively affected the performance of these resin-based 
materials on enamel [30,32]. It was suggested that such effect could be related to 
radiogenic alterations on enamel, specially on its organic matrix, as proposed in 
some in vitro studies [39,40]. A recently published study revealed micro 
morphological alterations on interprismatic enamel from head and neck cancer 
patients who underwent radiotherapy, but they were mainly located on inner enamel 
and cervical region [41]. However, the explanation about how post-radiation enamel 
defects could weaken bond strength of adhesive systems is still unclear and future 
studies are needed. 
 Most included studies in this systematic review evaluated the impact of HNRT 
on bond strength of adhesive systems in dentin, due to this tissue is more 
heterogeneous than enamel and bonding strategies still represent a clinical 
challenge. Four studies showed that the performance of these materials (mainly etch-
and-rinse adhesive systems) was impaired when restorative procedure was carried 
out immediately after in vitro HNRT compared to control or pre-radiotherapy bonding 
groups [26,27,30,31]. It was hypothesized that this consequence could be associated 
to direct radiogenic effects on collagen fibers from dentin that are essential for 
hybridization process, although no molecular or chemical analysis was conducted to 
confirm this hypothesis [26,27,30,31]. 
 However, a non-included chemical study revealed no increase in cross-link 
fragments such as hydroxylysylpyridinoline (HPL) and lysylpyridinoline (LP) from 
dentin collagen after simulated radiotherapy, indicating no radiogenic destruction 
[42]. Nevertheless, other study showed by means of Raman spectroscopic analysis 
that dentin suffers a decrease in protein/mineral ratio, specially near dentin–enamel 
junction after this cancer treatment [43]. From a mechanical approach, it has been 
showed that even low doses of ionizing radiation may decrease dentin nano-
hardness and its elastic modulus [44]. However, microhardness analysis have 
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showed controversial results when comparing different depths of in-vitro irradiated 
dentin, specially when high doses of ionizing radiation are applied [39,40]. Thus, it is 
evident that the results are not conclusive and it is not possible to affirm that a 
significant radiogenic effect occurs on dentin, as well as it could not be supported 
that this fact is totally associated to decreased bond strength of adhesive systems 
used immediately after in vitro HNRT. For that reason, our research group has 
proposed other possible and complementary hypothesis to explain the undesirable 
effect on bond strength of adhesive systems. Probably, it could be associated to the 
action of reactive oxygen species (ROS) such as hydroxyl radicals, superoxide anion 
and hydrogen peroxide, produced by ionizing radiation in aqueous environments 
[45,46]. Thus, they could be generated in dental tissues containing higher water 
content such as dentin but also on the storage medium of teeth submitted to in vitro 
radiotherapy. On this regard, ROS could act as adhesive system polymerization 
inhibitor, affecting its immediate bond strength to dentin or enamel. Maybe, this 
negative impact may be comparable to that caused by tooth bleaching agents such 
as carbamide peroxide or hydrogen peroxide when used before composite resin 
restorations [47]. 
 It is important to emphasize that in clinical conditions, dental bonding 
procedures are not performed immediately after finishing HNRT, as simulated in 
many in vitro studies [25–27,30,31,33]. In addition, the therapeutic doses of ionizing 
radiation applied in head and neck cancer patients are absorbed by tumor and 
adjacent tissues while lower doses reach teeth [48,49]. Theoretically, a similar 
radiation dose received by tooth would reach composite resin and underlying hybrid 
layer which may lead to suggest that in vivo HNRT does not produce a clinically 
relevant deleterious effect on dentin and consequently on the performance of 
bonding agents. This fact was confirmed by Galetti et al. who did not report changes 
on microtensile bond strength of etch-and- rinse and self-etch adhesive systems 
used on dentin from head and neck cancer patients who underwent radiotherapy [8]. 
Bernard et al. also showed no differences in microtensile bond strength of a two-
steps/self-etch adhesive system applied on dentin from patients who received the 
same cancer treatment [34]. However, a significant reduction in bond strength of a 
three steps/etch-and-rinse adhesive system after hermocycling  was  reported.  The 
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authors argued that this probably associated to radiogenic effects on dentin collagen 
fibers, as previously proposed in many in vitro studies [26,27,30,31]. In addition, no 
reduction on the bond strength of self-etch adhesive system is mainly related to 
chemical bond promoted by functional monomers and better hydrolysis resistance 
[34,50]. 
 Most studies that assessed dentin bond strength of self- etch adhesive 
systems (specially  two/steps) showed that in vitro and in vivo HNRT did not 
significantly affect their performance [8,26,29,34]. This fact could be associated to 
chemical bonding promoted by functional monomers, specially 10-MDP (10-
methacryloyloxydecyl dihydrogen phosphate) contained in some materials which 
permits a more stable bond to calcium ions from dental hydroxyapatite [51]. On the 
other hand, these simplified systems present advantages such as less technical 
sensitivity, reduce the demineralized/non-infiltrated dentin zone and diminish the 
incidence of post-operative dentin hypersensitivity, compared to etch-and-rinse 
adhesive systems [51]. Due to medium and high risk of bias among the studies, we 
suggest that self-etch adhesive systems should be the focus of new researches in 
this area and they may be suggested as an alternative in restorative dental 
treatments for head and neck cancer patients before or after radiotherapy. Main 
limitations of the present systematic review were few included studies, specially 
regarding surface and bulk micromechanical properties of irradiated composite 
resins. In addition, most of them used gamma radiation but currently it is rarely 
employed to treat cancer in cervicofacial region, due to the advent of linear 
accelerators and IMRT (intensity-modulated radiation therapy). Another limitation was 
the reduced number of studies assessing the indirect effects of in vivo HNRT on the 
bond strength of adhesive systems. 
5. Conclusions 
Although the studies showed methodological heterogeneity, therapeutic 
doses of ionizing radiation applied by in vitro HNRT seem not to reduce the surface 
and bulk micromechanical properties of composite resins but more studies are 
needed. In addition, this cancer treatment did not impair the bond strength of 
adhesive systems when bonding procedure was performed before radiotherapy. 
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Conversely, enamel and dentin bond strength tends to decrease when adhesive 
procedure was carried out immediately after simulated radiotherapy. On the other 
hand, studies on dental adhesion conducted after in vivo HNRT were very limited 
and controversial. 
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Abstract 
Objective. To analyze resin infiltration patterns in enamel from head and neck 
cancer patients following radiotherapy. Methods. In vitro study conducted in 16 
human molars distributed into two groups: Irradiated (8 teeth from head and neck 
cancer patients who underwent radiotherapy) and control (8 teeth from patients 
who did not receive radiotherapy). Each dental crown was divided into four 
segments to receive one of proposed treatments as follows: Treatment 1 (T1): 
15% HCl for 2 minutes, rinsing, drying and resin infiltrant (RI) for 3 minutes before 
light curing for 50 seconds; Treatment 2 (T2): 15% HCl for 2 minutes (3 
times), rinsing, drying and RI for 6 minutes before light curing for 50 seconds; 
Treatment 3 (T3): 37% phosphoric acid for 30 seconds, rinsing and universal 
adhesive system (UAS) and light curing for 20 seconds; treatment 4 (T4): 15% HCl 
for 2 minutes, rinsing, drying and UAS application. Resin infiltration pattern were 
analyzed qualitatively by Polarized Light Microscopy and Scanning Electron 
Microscopy. Results. In non-irradiated samples, T1 resulted in little or no signs of 
RI while T2 resulted in a severe enamel demineralization and some RI residues on 
outer enamel. Conversely, samples that received UAS, specially T3 resulted in a 
homogeneous and continuous adhesive layer in cervical, middle and cusps areas. 
In irradiated teeth, RI was evidenced on enamel surface following T1 and T2, 
especially on cervical region but it was not continuos on all thirds. On the contrary, 
T3 resulted in a homogeneous and complete adhesive layer on outer enamel in 
cervical, middle and occlusal regions, followed by T4 but this strategy produced a 
more irregular pattern. Conclusions. Compared to other adhesive treatments, the 
use of 37% phosphoric acid and an universal adhesive system produced the most 
homogeneous and continuos adhesive/protective layer in irradiated and non-
irradiated enamel samples. 
Keywords: Radiotherapy; Enamel; Resin Infiltrant; Adhesive systems; Head and 
neck neoplasms. 
1. Introduction 
Most of head and neck cancer patients treated by radiotherapy protocols 
experience a non-common and aggressive caries pattern known as “radiation 
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caries” which mainly affects cervical, incisal and cusp anatomic areas, leading to a 
very high risk for dental destruction [1,2]. Conventional dental caries is a dynamic 
and multifactorial oral disease that consists on a disequilibrium between dental 
remineralization and demineralization episodes, leading to a dissolution and 
destruction of hard dental tissues [3]. In head and neck cancer patients treated by 
radiotherapy, this oral condition is intensified by indirect radiation effects such 
hipossalivation and poor quality of saliva resulted from radiogenic damage to 
salivary glands, increased oral bacterias such as Streptococcus Mutans and 
Lactobacillus, mucositis, deficient oral hygiene habits and highly cariogenic diet 
consumed during and after this oncology treatment [4, 5]. Also, the fast 
progression of radiation caries could be influenced by direct effects promoted by 
high doses of ionizing radiation on cervicofacial area (>50 Gy) which also reach 
hard dental tissues that are on the same radiation field [6]. In fact, it has been 
demonstrated that simulated radiotherapy is able to alter the micromorphology, 
chemical composition and decreases micromechanical properties of hard dental 
tissues [6-9]. In addition, few in vitro studies that used teeth from head and neck 
cancer patients who underwent radiotherapy have shown that this cancer 
treatment is able to affect enamel microstructure [10] and decrease its 
microhardness [11], probably associated to radiogenic effect on organic enamel 
components. 
The prevention and treatment of radiation caries lesions in head and neck 
cancer patients is a major clinical challenge due to the lack of preventive and 
therapeutic alternatives, scientific consensus and unfavorable oral conditions of 
patients who underwent radiotherapy [12,13]. In general, topical application of 
clohrexidine, remineralizing agents such as fluorides and fluoride-releasing dental 
materials such as glass ionomer cements have been widely recommended on this 
population [14-17] while other remineralizing alternatives such as casein-
phosphopeptide and amorphous calcium phosphate (CPP-ACP) are less used for 
this purpose [18-20]. Regardless the type of remineralizing agent used, its 
effectiveness to prevent dental caries lesions depends on the frequency of use, 
caries individual risk, patient adherence to dental treatment and oral hygiene 
habits [21]. Unfortunately, head and neck cancer patients underestimate their own 
oral health because their personal priorities have changed dramatically since the 
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oncology diagnosis even to the point that most of them do not return to post-
radiation dental appointments which also increases the risk of radiation caries 
lesions and other oral complications [22]. Therefore, complementary strategies that 
do not exclusively depend on patient collaboration are urgently needed to prevent 
or delay radiation caries and improve the quality of life of head and neck cancer 
survivors [12]. 
A recent systematic review of in vitro studies evaluated the impact of head 
and neck radiotherapy on the mechanical properties of composite resins and bond 
strength of adhesive systems. The results revealed that mechanical properties 
such as hardness, diametral tensile strength, abrasion and flexural strength seem 
not be impaired by high doses of ionizing radiation. Also, the systematic review 
showed that bond strength of adhesive systems decreases when teeth are 
restored immediately after simulated radiotherapy but not when dental restoration 
is done prior radiotherapy [13]. These facts may lead to hypothesize that resin-
based low viscosity materials could be used to protect dental enamel before or 
immediately after radiotherapy as an alternative to decrease the risk of 
demineralization, abrasion and radiation caries lesions. On the basis of this 
purpose, a novel low viscosity monomeric material called resin infiltrant has been 
launched to dental market. This dental material has simplified chemical 
composition and lower viscosity than adhesive systems, being indicated to control 
the progression of conventional dental caries in patients who have high risk such 
as those who wear fixed orthodontic appliances and children [23,24]. Due to its low 
viscosity, the resin infiltrant diffuses and seals microscopically pathways of 
incipient conventional caries lesions which explains its clinical effectiveness in high 
caries risk patients [25-29]. Theoretically, the presence of a polymeric barrier on 
enamel areas susceptible to direct and indirect post-radiation would made 
unfeasible the passage of cariogenic bacteria from the oral environment to 
underlaying dentin, decreasing radiation caries risk. Nonetheless, resin sealing 
protocols on in vivo irradiated enamel have not yet been tested which impairs to 
extrapolate these hypotheses to a clinical scenario. Therefore, the aim of the 
present in vitro study was to evaluate resin infiltration patterns in enamel from 
head and neck cancer patients who underwent radiotherapy. The null hypothesis 
of this study was that there are no differences between resin infiltrant and 
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adhesive system in terms of infiltration pattern quality in enamel. 
2. Materials and Methods 
The present study was approved by the Ethics Committee for Humans 
Studies from Piracicaba Dental School, State University of Campinas (FOP-
UNICAMP), receiving the protocol number (CAAE: 26827818.8.0000.5418). In 
total, 16 permanent molars extracted by clinical indications were used as sample. 
They were divided into 2 groups: Irradiated (Molars from head and neck cancer 
patients who underwent radiotherapy, n= 8) and control group (Molars from 
patients who did not receive radiotherapy, n= 8). Table 1 summarizes main clinical 
features of irradiated patients from whom teeth were extracted and enrolled in the 
present study. 
Table 1. Main features of head and neck cancer patients submitted to radiotherapy. 
M: Male;  F: Female; 3DRT: three dimensional radiotherapy;  IMRT: intensity modulated radiotherapy 
2.1. Initial sample preparation 
A low-speed saw (IsoMet; Buehler, Lake Bluff, IL, USA) was used under 
constant refrigeration to cut each teeth in buccal-lingual direction, obtaining two 
fragments (mesial and distal). Each teeth receive four different dental treatments. 
Mesio-buccal and mesio-lingual sides were used to apply two different resin 
infiltrant protocols while disto-buccal and disto-lingual sides received two different 
protocols using an universal adhesive system. Buccal and lingual dental sides 
were separated by wax to apply individual treatments. 
Patient Gender Age (years) Tumor location Radiation dose Radiotherapy modality
1 M 63 Larynx 70 3DRT
2 F 55 Tongue 60 3DRT
3 M 49 Piriform sinus 70 3DRT
4 M 67 Oropharynx 66 IMRT
5 M 56 Tongue 70 3DRT
 49
2.2. Treatments 
Two low viscosity resin-based materials were used: a resin infiltrant (Icon® 
infiltrant, DMG, Germany) and a universal adhesive system (Scotch Bond 
Universal, 3M ESPE). Chemical composition of both materials are shown in table 
2. 
Table 2. Chemical composition of Icon® infiltrant and Scotch Bond Universal adhesive 
system (According to manufacturer). 
Icon® infiltrant DMG, 
Hamburg, 
Germany 
Icon® Etch: 15% hydrochloric acid 
(HCl) Icon® Dry: Ethanol 99% 
Icon® Infiltrant: TEGDMA, canforquinone and 
additives 
"  
Scotch Bond Universal 3M ESPE 
Bis-GMA, HEMA, Vitrebond copolymer, silane, 10-MDP monomer, 
initiators, water and ethanol. 
 
One of the four treatments was applied on each quart of dental crown 
involving cervical, middle and occlusal enamel, as follows: 
Treatment 1: 15% HCl (Icon® etch) was applied on the mesial-buccal side for 2 
minutes, including cervical, middle and occlusal enamel. It was rinsed with water 
for 30 seconds and dried. Later, 99% etanol (Icon® Dry) was applied onto the 
surface for 30 seconds and then dried. Finally, resin infiltrant (Icon® infiltrant) was 
applied on the surface and wait for 3 minutes to permit its diffusion and light cured 
for 50 seconds by using a LED Light curing unit, Bluephase (1.400 mW/cm2). 
Treatment 2: 15% HCl (Icon® etch) was applied on mesio-lingual side for 2 
minutes and rinsing as in protocol nº1 but etching protocol was repeated 3 times 
(total time: 6 minutes). Later, Icon® dry was applied on the surface for 30 seconds 
and dry. Icon® infiltrant was applied on the surface and wait for 6 minutes for its 
diffusion, then it was light cured for 50 seconds. 
Treatment 3: 37% Phosphoric acid was applied on distal-buccal side for 30 
seconds and rinsed with abundant water for the same time. The surface was dried 
and Universal adhesive system (Scotch Bond Universal was applied) was applied 
Material Manufacturer Composition
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for 20 seconds, dried and light cured for 20 seconds. 
Treatment 4: 15% HCl (Icon® etch) was applied on distal-lingual side for 2 
minutes and rinsed as performed in protocols number 1 and 2. Later, Icon® dry 
was applied as in protocol number 1. Finally, the Universal Adhesive 
system(Scotch Bond Universal) was applied on enamel surfasse and Light cured 
for 20 seconds by using a LED Light curing unit, Bluephase (1.400 mW/cm2). 
2.3. Polarized light microscopy (PLM) 
After each surface treatment, a longitudinal 0.5 mm thickness section was 
obtain from the center of each dental fragment using a low-speed saw (IsoMet; 
Buehler, Lake Bluff, IL, USA) under constant refrigeration. Then, each fragment 
was manually grounded by using silicon carbide papers 1.000, 1200 and 2000 
successively to obtain homogeneous thickness of about 0.2 mm approximately, 
checked by a digital caliper (Starrett 727; Brazil). Each section was cleaned in an 
ultrasonic device (Ultracleaner, Model USC 1.400; Unique, Brazil) with distilled 
water. Later, they were immersed in distilled water and put on a microscope slide 
and analyzed in a Polarized Light Microscope (PLM) (Leica, Wetzlar, Germany) 
with the aid of polarized filters. Representative and standardized images of each 
dental area (cervical, middle and occlusal) were obtained to qualitatively analyze 
the interaction, continuity and birefringence of adhesive layer. 
2.4. Scanning Electron Microscopy (SEM) 
The same samples analyzed in the PLM were selected for Scanning 
Electron Microscopy (SEM). The specimes were cleaned in an ultrasonic device 
(Ultracleaner, Model USC 1.400; Unique, Brazil) with distilled water for 5 minutes. 
Samples were hand polished using alumina oxide slurry (1, 0,3 and 0.03 µm). 
Ultrasonic cleaning was performed between each polishing cycle. Later, dental 
samples were immersed in liquid 37% phosphoric acid for 3 seconds to completely 
eliminate smear layer and facilitate SEM observations. Later, samples were rinsed 
with distilled water for 30 seconds and ultrasonically cleaned for 5 minutes. Finally, 
samples were submitted to a dehydration process by using a series of increasing 
ethanol concentrations (25%, 50%, 75% and 95%) and samples were put in blue 
silica recipient for 24 h. Samples were fixed on metal stubs and sputter coated with 
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gold/palladium (SCD 050; Balzer, Schaan, Liechtenstein). The same enamel areas 
analyzed in PLM were observed in SEM. Magnification (x2000) was used to obtain 
representative images of adhesive interfaces. 
3. Results 
3.1. Polarized Light Microscopy 
In non-irradiated teeth (control group), cervical, middle and occlusal enamel 
exhibited a birefringent pattern characterized by brilliant and intense colors (Figure 
1). The use of 15% HCl and subsequent resin infiltration for 3 minutes (treatment 
1) resulted in little or no signs of birefringent layer on outer enamel in all areas 
(cervical, middle and occlusal) observed as debonded infiltrant (DI) areas. The use 
of 15% HCl for 2 minutes (repeated 3 times) and further infiltration for 6 minutes 
before light curing (treatment 2) resulted in greater enamel demineralization and 
the presence of non-birefringent layer in all enamel thirds. On the contrary, when 
37% phosphoric acid and universal adhesive system was applied (treatment 3), a 
continuos and homogenous birefringent layer was observed on outer enamel in 
cervical, middle and occlusal areas (arrows). Also a similar pattern was observed 
in the subgroup that received 15% HCl for 2 minutes and universal adhesive 
system (treatment 4) but the birefringent layer was more irregular (arrows) than 
that observed with treatment 3. 
On irradiated teeth (experimental groups), treatment 1 resulted in more 
birefringent layer, specially on the cervical enamel (arrows) but the layer was not 
continuos. Nonetheless, there was a better physical interaction between the 
birefringent layer (resin infiltrant) and enamel compared to non-irradiated enamel 
samples. Also, treatment 2 produced a more birefringent and irregular pattern 
(arrows) on outer enamel compared to treatment 1. On the contrary, treatment 3 
resulted in a homogenous and continuos birefringent layer in cervical, middle and 
oclusal areas (arrows), characterized by a good interaction with subjacent enamel. 
Similarly, treatment 4 exhibited a very birefringent layer in all enamel areas but the 
pattern was more irregular (arrows) than that produced by treatment 3. From all 
birefringent layers observed in outer irradiated enamel, treatment 3 showed the 


































































3.2. Scanning Electron Microscopy 
Regarding non-irradiated teeth (control group), treatment 1 showed little or 
no signs of resin infiltrant tags on outer enamel in all dental areas, characterized 
by poor interaction. When treatment 2 was applied, a great enamel 
demineralization and little signs of resin infiltrant were observed on enamel 
surface. Conversely, treatment 3 resulted in a continuos and homogenous 
adhesive (A) layer was observed in all enamel areas, characterized by small resin 
tags on outer enamel. Also a similar pattern was observed in treatment 4 but 
adhesive layer exhibited more irregular pattern and longer resin tags (A) than 
those produced by treatment 3. From all adhesive layers observed in non-
irradiated enamel, treatment 3 showed the best interaction and quality, followed by 
treatment 4 (Figure 2) 
In relation to irradiated teeth (experimental group), treatment 1 resulted in 
more areas covered by resin infiltrant (RI), specially on the cervical area but the 
adhesive layer was not continuos due to it did not protect the whole enamel areas. 
Also, treatment 2 produced a more irregular pattern with longer tags and greater 
quantity of resin infiltrant on outer enamel compared to treatment 1. On the 
contrary, treatment 3 created a homogenous and continuos adhesive layer in 
cervical, middle and oclusal layer, characterized by a good interaction and small 
adhesive tags on outer enamel. Similarly, treatment 4 produced a good interaction 
between universal adhesive system and outer irradiated enamel in three areas but 
the diffusion pattern was more irregular than that produced by treatment 3. From 
all adhesive layers observed in irradiated enamel, treatment 3 showed the best 
















































According to our knowledge, this is the first micro morphological study that 
tested different adhesive and resin infiltrant protocols on enamel from head and 
neck cancer patients who underwent radiotherapy, as a plausible clinical strategy 
to protect it from demineralization, abrasion and radiation caries lesions. It is 
important to emphasize that our experimental group consisted on human teeth 
extracted after head and neck radiotherapy (from 60 to 70 Gy) but before radiation 
caries was clinically visible, which permitted a more realistic and feasible 
assessment. PLM was used due to it is a nondestructive method that permits to 
identify the presence of resin-based materials through the difference in 
birefringence pattern in contrast to hard dental tissues. In addition, SEM was 
employed to validate PLM outcomes and observe in detail enamel and adhesive 
interfaces in irradiated and non-irradiated samples. 
Our PLM analysis showed little or no signs of resin infiltrant on enamel 
surface or subsurface in non-irradiated subgroup, evidenced by no changes in 
outer enamel birefringence (Figure 1). This fact clearly suggests that despite an 
aggressive surface effect promoted by 15% HCl, the resin infiltrant did not infiltrate 
sound outer enamel which is characterized by highly mineralized package 
hydroxyapatite crystals [30]. Probably, the resin infiltrant remained on enamel 
surface from non-irradiated teeth during application but due to the absence of sub 
superficial enamel defects, inorganic filler and high-molecular methacrylate 
monomers in resin infiltrant, it was easily removed by grounding during sample 
preparation, which suggests that treatment 1 would not be effective to protect 
enamel against erosion or abrasion before head and neck radiotherapy. Our 
hypothesis seems to agree with outcomes reported by Zhao X et al., (2017) [31] 
who tested the effectiveness of resin-based materials against erosive enamel wear 
under erosion and abrasive challenge, showing that resin infiltrant was not as 
effective as a resin sealant or flowable resin composite [31]. 
In contrast to non-irradiated teeth, resin infiltrant remained on enamel 
surface in irradiated samples specially on cervical area but there were isolated 
areas where this material was debonded (Figure 1 and 2). This fact clearly 
suggests that irradiated enamel is more porous than control ones, probably due to 
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changes in oral pH, pos- radiation xerostomia or direct radiogenic effects [10] and 
the use of very erosive acid such as 15% HCl for 2 minutes increased pre-existent 
enamel porosities and material micromechanical interlocking. The fact of finding 
resin infiltrant resides on cervical enamel may be also explained due to enamel 
prisms in cervical enamel are more irregular and porous than other regions such 
as pitt and fissures or cusps [10]. In addition, it must be highlighted that cervical 
enamel seems to be more prone to direct/indirect radiogenic effects than other 
dental areas [8,10], which could be a favorable factor for micromechanical 
interlocking of adhesive dental materials. It is important to emphasize that 
increasing etching and infiltration times (6 minutes), resulted in better enamel 
interaction and more irregular adhesive layer, specially in irradiated group. This 
fact may be explained due to longer etching time results in a greater enamel loss 
and increased permeability [32], associated with longer infiltration times permits a 
greater resin-material diffusion as demonstrated in non- cavitated caries lesions 
[33]. Longer etching and infiltration times, resulted in thicker resin infiltrant layer in 
irradiated enamel but it was not as deep as demonstrated in other in vitro studies 
that used teeth with natural or artificial white spot lesions [34,35]. Probably due to 
radiation-induced enamel morphological alterations are region-dependent, mainly 
located on middle and inner enamel, affecting interprismatic regions [6,10] and 
those micro morphological defects are less significant than those observed in 
natural white spot lesions which are characterized by highly porous pattern in 
prismatic and interprismatic enamel regions [36,37]. 
It is important to consider that therapeutic or preventive approaches on 
head and neck cancer patients who underwent radiotherapy must be effective, 
simple and comfortable due to these patients generally experience xerostomia and 
mucositis during and after the oncology treatment, impairing basic activities such 
as toothbrushing, speaking and eating [12,38]. Resin infiltrant technique involves 
the use of 15% HCl (from 2 to 6 minutes), a very erosive acid, requiring absolute 
dental isolation. Also, resin infiltrant technique requires the use of 99% ethanol for 
30 seconds, drying and resin infiltrant diffusion for 3 minutes before light curing for 
50 seconds. Taking into consideration the absence or formation of a non-complete 
layer in irradiated and non-irradiated enamel, high cost, time-consuming and 
sensitive method, resin infiltrant does not seem to be the most realible alternative 
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to protect enamel against erosion, abrasion or delay radiation caries in head and 
neck cancer patients. This hypothesis partially disagrees with a recent study 
conducted by Wu L et al (2019) [39] who evaluated the effect of resin infiltration, 
casein-phosphopeptide- amorphous calcium phosphate (CPP-ACP) and fluoride 
on microhardness and micromorphology of irradiated enamel. They indicate that 
resin infiltrant associated or not with remineralizing agents is the best alternative to 
protect enamel against radiation caries lesions [39]. Nonetheless, both hypothesis 
must be carefully contrasted due to on Wu study,  a simulated radiotherapy 
protocol was applied which could overestimate radiogenic enamel damage and 
favors resin infiltration effect. 
An universal adhesive system was used in our study due to its similar 
composition to resin infiltrant, versatility and growing use among dentist [40]. The 
universal adhesive system was applied in etch-and-rinse mode. Previous use of 
37% phosphoric acid promotes a superficial, non-selective demineralization of 
prismatic and interprismatic enamel regions, leading to a rough pattern where 
adhesive system is micro mechanically interlocked. Our PLM analysis revealed a 
superficial, continuos and homogeneous layer exhibiting a birefringence pattern 
different to subjacent enamel (Figure 1), which indicates the presence of universal 
adhesive system. These findings were also validated by SEM, showing the 
continuos adhesive layer micro- mechanically bonded to enamel by small tags on 
cervical, middle and cusp enamel regions (Figure 2). It is important to highlight that 
universal adhesive system remained on enamel surface and it was unable to 
infiltrate irradiated enamel. It could be explained by the fact that 37% phosphoric 
acid has a lower erosion potential on enamel surface compared to 15% HCl 
applied for 2 or 6 minutes, as demonstrated in non-irradiated teeth [32]. Also, the 
presence of other chemical components such as Bis-GMA, 10-MDP functional 
monomer, Vitrebond and silane makes the tested universal adhesive more viscous 
and difficult to be infiltrated into enamel compared to resin infiltrant that is mainly 
based on TEGDMA monomer (Table 2). Nonetheless, the use of 37% phosphoric 
acid associated with universal adhesive system exhibited the best quality of 
adhesive layer on irradiated and non-irradiated teeth compared to other 
treatments. This may lead to suggest that an universal adhesive system could be 
used as a future clinical strategy to protect enamel before or after radiotherapy but 
 58
further in vitro studies assessing bond strength, abrasion and erosion resistance of 
this adhesive layer on irradiated teeth are required to confirm and extrapolate our 
findings. 
In our study, a modified treatment (treatment 4) was applied and consisted 
on 15% HCl application for 2 minutes, rinsing, 99% etanol application and later an 
universal adhesive system. PLM and SEM analysis revealed the presence of 
adhesive system in irradiated and non-irradiated teeth but the layer was not as 
homogeneous as in the subgroup treated with 37% phosphoric acid and universal 
adhesive system (Figure 1 and 2). Despite the presence of adhesive system on 
enamel surface, it is important to highlight that even 15% HCl for 2 minutes 
represents a more time-consuming and sensitive step that produces greater 
enamel loss than phosphoric acid application, which would not be convenient in 
cancer patients submitted to head and neck radiotherapy due to hard dental 
tissues need to be preserved as maximum as possible. 
In these patients, the use of remineralizing/antimicrobial dental products 
and professional follow-up are essential to prevent or decrease radiation caries 
risk and other oral complications [18,41,42]. Unfortunately, resin infiltrant and 
universal adhesive system used in this study do not incorporate antimicrobial or 
remineralizing agents. However, recent studies tested the effect of incorporating 
clorhexidine, bioactive/biomimetic agents such bioglass 45S5, Amorphous Calcium 
Phosphate (ACP), Casein Phosphopeptide and Amorphous Calcium Phosphate 
(CPP-ACP) or Casein Phosphopeptide and Amorphous calcium phosphate with 
fluorides (CPP- ACPF) into experimental resin-based materials showing 
promissory results in terms of antibacterial properties, remineralization potential 
and bond strength to hard dental tissues [43-45]. Therefore, future studies testing 
these doped resin-based materials need to be conducted to prove whether they 
can establish a synergic effect with conventional caries preventive strategies while 
protecting enamel surface before and after head and neck radiotherapy. Based on 
our results, the null hypothesis was rejected since there were qualitative 
differences in infiltration patterns between adhesive system and resin infiltrant in 
both, irradiated and non-irradiated samples. 
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5. Conclusions 
1) Among evaluated strategies, the use of 37% phosphoric acid and universal 
adhesive system produced the most homogeneous and continuous adhesive/ 
protective layer in irradiated and non-irradiated enamel groups. 
2) Resin infiltrant seems to produce a better interaction in enamel from irradiated 
teeth compared to non-irradiated samples. 
3) Increased etching and infiltration times resulted in better resin infiltrant/enamel 
interaction, specially on irradiated group. Nonetheless, resin infiltrant layer was 
not as homogeneous and continuous as that observed by the use of phosphoric 
acid and adhesive system. 
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3. DISCUSSÃO 
 Na revisão sistemática, houve um número limitado de artigos que avaliaram 
o impacto da radioterapia simulada nas propriedades mecânicas de resinas 
compostas. Não obstante, a maioria não mostrou efeitos negativos significativos 
nos valores de dureza, resistência à abrasão, flexão e tração diametral (Artigo 1: 
figura 2 e tabela 4). Os autores desses estudos justificam este resultado porque 
as altas doses de radiação ionizante aplicadas durante os protocolos de 
radioterapia não seria capaz de romper as ligações químicas formadas pelos 
monômeros metacrilatos durante o processo de polimerização (von Fraunhofer et 
al., 1989; Curtis et al., 1991; Catelan et al., 2008). Pelo contrário, um estudo 
incluído reportou um efeito negativo nos valores de dureza Knoop de uma resina 
composta específica, e os autores sugerem que pode ocorrer ruptura radiogênica 
das cadeias poliméricas das resinas compostas pela alta energia liberada nos 
protocolos não fracionados de radioterapia (Dibo da Cruz et al., 2008). Também é 
relevante destacar que a maior parte dos estudos selecionados sobre este 
assunto aplicaram doses máximas não fracionadas de radiação ionizante (Artigo 
1: tabela 1) contrariamente aos protocolos aplicados de radioterapia na região de 
cabeça e pescoço (1.8 - 2.0 Gy por dia, durante varias semanas até completar a 
dose total terapêutica) (Mazzola et al., 2018) o qual dificulta ainda mais a 
extrapolação dos resultados para futuros estudos clínicos. Portanto, se precisam 
de novos estudos que avaliem o impacto da radioterapia in vitro (aplicando doses 
fracionadas ou não) nas propriedades mecânicas de diferentes tipos de resinas 
compostas. 
 Nossa revisão sistemática também teve como objetivo analisar o impacto da 
radioterapia de cabeça e pescoço na resistência de união de sistemas adesivos 
ao esmalte e dentina quando o procedimento restaurador é realizado antes ou 
após tratamento oncológico, tentando identificar estratégias e momentos 
adequados para realizar restaurações dentárias nestes pacientes. A maioria dos 
estudos que avaliaram a resistência de união dos sistemas adesivos quando o 
procedimento restaurador foi realizado antes da radioterapia in vitro não 
revelaram diminuição significativa (Artigo 1: figura 2 e tabela 5) (Bulucu et al., 
2006; Aggarwal, 2009; Dibo da Cruz et al., 2010; Naves et al., 2012; Yadav e 
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Yadav, 2013). Este fato foi justificado pela possível resistência do material 
polimerizado e camada híbrida à radiação ionizante, apoiando as hipóteses de 
alguns autores que avaliaram o impacto da radioterapia nas propriedades 
mecânicas de resinas compostas (Curtis et al.,1991; Catelan et al., 2008). Pelo 
contrário, quando o protocolo restaurador foi realizado após radioterapia in vitro, 
os resultados revelaram que existe diminuição significativa dos valores de 
resistência de união (Artigo 1: figura 2 e tabela 5), o qual concorda com outros 
estudos publicados recentemente (Rodrigues et al., 2018; Arid et al., 2020; Ugurlu, 
2020). Diversos autores sugerem que este fato esta relacionado com alterações 
químicas, mecânicas e morfológicas nos tecidos dentários duros pelas altas doses 
de radiação ionizante aplicadas durante a radioterapia (Bulucu et al., 2006; 
Aggarwal, 2009; Naves et al., 2012; Rodrigues et al., 2018; Arid et al., 2020; 
Ugurlu, 2020). Entretanto, nosso grupo de pesquisa sugere que o efeito negativo 
na adesão também pode estar relacionado com a formação de espécies reativas 
de oxigênio produzidas durante os protocolos de radiação em ambientes úmidos 
como a dentina e meio de imersão das amostras. As espécies reativas de oxigênio 
podem atuar como inibidores da polimerização dos sistemas adesivos quando a 
restauração de resina composta é realizada imediatamente após radioterapia, 
mas futuros estudos são necessários para validar essa hipótese. 
 Independentemente do tipo de sistema adesivo utilizado, a análise de 
diferença de médias dos estudos in vitro selecionados, mostrou que a diminuição 
da resistência de união ao esmalte irradiado foi menor, comparada com a dentina 
(Tabela 5). Provavelmente este fato está relacionado com o maior conteúdo de 
água e componentes orgânicos da dentina, os quais são mais susceptíveis à 
interação com as altas doses de radiação ionizante (Naves et al., 2012; Yadav e 
Yadav 2013). Ainda existem muitas dúvidas clínicas sobre o tipo de sistema 
adesivo ideal a ser usado em substratos dentários expostos à radioterapia mas 
nossa análise mostrou que os sistemas autocondicionantes foram mais eficientes 
em substratos dentários irradiados comparado com os sistemas adesivos 
convencionais, concordando com um estudo in vitro publicado recentemente (Arid 
et al., 2020). Esse comportamento provavelmente esta relacionado com a 
presença de monômeros funcionais ácidos como 10-metacriloxipropil 
trimetoxisilano (10-MDP) nos sistemas adesivos autocondicionantes/universais 
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que geram maior estabilidade e capacidade de união química com os íons cálcio 
do esmalte e dentina. Além disso, outro estudo in vitro não incluído e publicado 
recentemente indica que a aplicação de duas camadas de sistemas adesivos 
universal/autocondicionantes aumenta de forma significativa os valores de 
resistência de união na dentina exposta à radioterapia (Ugurlu 2020). 
 Embora, a evidência científica sobre resistência de união de sistemas 
adesivos aplicados em substratos irradiados in vivo ainda seja extremamente 
limitada e controversial (Galetti et al., 2014; Bernard et al., 2015), sendo a maioria 
dos resultados obtidos em condições in vitro, estes podem ser utilizados para 
direcionar protocolos restauradores em futuras pesquisas clínicas com pacientes 
oncológicos irradiados na região de cabeça e pescoço. De forma geral, os 
resultados da revisão sistemática levam a sugerir que embora exista maior 
tendência à diminuição da resistência de união dos sistemas adesivos aplicados 
pós-radioterapia in vitro, é valido testar a interação de alternativas similares com o 
esmalte, na tentativa de protege-lo de forma temporária da abrasão e diminuir o 
risco de cárie de radiação. 
 Por esses motivos, nosso segundo artigo avaliou os padrões de infiltração 
de um sistema adesivo universal e um infiltrante resinoso no esmalte de pacientes 
com câncer de cabeça e pescoço submetidos à radioterapia. Os resultados da 
microscopia de luz polarizada e microscopia eletrônica de varredura mostraram 
que nenhum dos tratamentos teve uma infiltração total na superfície do esmalte 
cervical, médio nem oclusal. Após uso de ácido clorídrico a 15% aplicado por 2 
minutos e infiltrante resinoso por 3 minutos (tratamento 1), o material não 
permaneceu na superfície do esmalte dental de pacientes que não receberam 
radioterapia. O incremento no tempo de condicionamento e infiltração resinosa 
(tratamento 2) levou a presença de resíduos do material em algumas regiões do 
esmalte e aumento da desmineralização superficial (Artigo 2: figura 1 e 2). Isto 
indica que o infiltrante resinoso não apresenta capacidade de difusão no esmalte 
superficial hígido, o qual evidencia alto grau de mineralização superficial (De 
Menezes Oliveira et al., 2010), portanto o material pode ser eliminado facilmente 
por processos de abrasão. O infiltrante resinoso representa uma alternativa de 
maior custo, maior sensibilidade técnica e de acordo a nossos resultados mostra 
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ser pouco estável para proteger o esmalte dentário antes da radioterapia de 
cabeça e pescoço. Pelo contrário, o uso de ácido fosfórico a 37% e um sistema 
adesivo universal, especialmente no tratamento 3, levou a formação de uma 
camada contínua e homogênea na superfície do esmalte não irradiado (Artigo 2: 
figura 1 e 2). 
 No grupo dos dentes irradiados, durante as análises microscópicas após 
tempos de condicionamento e infiltração tradicionais (tratamento 1) ou estendido 
(tratamento 2), especialmente na região cervical do esmalte, foi observada uma 
camada de infiltrante resinoso descontínua em todas as regiões avaliadas (Artigo 
2: figura 1 e 2). Isto sugere que de forma geral o esmalte dentário exposto a 
doses terapêuticas de radiação ionizante apresenta defeitos micromorfológicos 
em regiões específicas (Madrid et al., 2017). Entretanto, o uso de ácido fosfórico e 
um sistema adesivo universal gerou um camada contínua e homogênea na região 
cervical, media e oclusal do esmalte dental (Artigo 2: figura 1 e 2). Nossos 
resultados sugerem que estratégias simples e acessíveis para todos os cirurgiões-
dentistas como o uso de ácido fosfórico e um sistema adesivo universal poderiam 
ser utilizadas para proteger o esmalte dental de pacientes com câncer de cabeça 
e pescoço antes ou após a radioterapia. Um dos principais desafios nesta linha de 
pesquisa será determinar a longevidade da camada polimérica protetora. Além 
disso, as condições orais hostis neste tipo de pacientes oncológicos como a 
hipossalivação, incapacidade da saliva de manter o efeito buffer, aumento de 
microorganismos cariogênicos, alto consumo de carboidratos e deficiência na 
higiene bucal (Silva et al., 2010; Gupta et al., 2015), também se faz necessário o 
uso concomitante de outras alternativas preventivas como vidros bioativos, fosfato 
de cálcio amorfo/caseína fosfopeptida (CPP-ACP), fluoretos ou clorexidina 
aplicadas de forma tópica ou integrados em materiais resinosos que permitam a 
liberação controlada destes agentes para diminuir o risco de cárie de radiação e 
melhorar a qualidade de vida relacionada a saúde bucal dos sobreviventes do 
câncer de cabeça e pescoço. 
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4. CONCLUSÕES 
Considerando os resultados e limitações dos estudos, pode ser concluído que: 
1. A radioterapia in vitro parece não reduzir as propriedades mecânicas das 
resinas compostas, mas são necessários futuros estudos. 
2. A radioterapia de cabeça e pescoço simulada não compromete a resistência 
da união dos sistemas adesivos quando o procedimento restaurador é 
realizado antes da radioterapia. Por outro lado, a resistência de união tende a 
diminuir quando o procedimento restaurador foi realizado imediatamente após 
a radioterapia simulada. 
3. Os estudos sobre resistência de união conduzidos após radioterapia de 
cabeça e pescoço (in vivo) foram limitados e controversos. 
4.  O uso de ácido fosfórico a 37% e o sistema adesivo universal produziram 
uma camada adesiva/protetora mais homogênea e contínua nos grupos de 
esmalte irradiado e não irradiado. 
5. O infiltrante resinoso parece produzir uma melhor interação no esmalte dos 
dentes irradiados em comparação com as amostras não irradiadas. 
6. O aumento do tempo de condicionamento ácido e infiltração resinosa gerou 
melhor interação entre o infiltrante e o esmalte dentário, especialmente no 
grupo irradiado. No entanto, a camada de infiltrante resinoso não foi tão 
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